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摘  要 
由聚酮或类聚酮与氨基酸整合而成的杂合天然产物结构新颖且生理活性良
好，Fusarisetin A 和 Altercrasin A 是其中的典型代表。 
Fusarisetin A 从镰刀菌属类真菌 FN. 080326 分离得到的杂合天然产物，其对
癌细胞的转移和入侵具有明显的抑制作用，结构上它由类聚酮片段与丝氨酸整合
而成。我们对于 Fusarisetin A 的不对称全合成尝试了两种策略：一、从(R)-香茅
醛和(S)-环氧丙烷出发，以 RCM 反应和跨环 Diels-Alder 反应为关键反应构建了
6-6-8 三环骨架，并尝试了跨八元环 C–H 插入反应，得到了具有 6-6-6 三环骨架
的副产物；二、从(R)-香茅醛和手性五元环内酯出发，利用分子间 Suzuki 偶联反
应和一锅四反应（分子内 Diels-Alder 反应、Mukaiyama 缩合、脱除硅基和氧化）
构建了 6-6-5-5 四环类聚酮化合物，整入丝氨酸片段后进行 Dieckmann 缩合完成
了 Fusarisetin A 的不对称全合成。 
Altercrasin A 分离自链格孢属类真菌 OUPS-117D-1，对人类乳腺癌细胞具有
一般的抑制作用，包含 6-6-5-5 四环体系，由 6-6-5 三环聚酮与苏氨酸整合而成。
我们从具有 6-6-5 三环骨架的中间化合物出发，经过 Cross-Metathesis 和 CBS 不
对称还原构建了烯丙位氧代手性中心，通过微波加热引入苏氨酸片段，目前正在
尝试 Dieckmann 酯缩合从而完成 Altercrasin A 的不对称全合成。 
海洋含卤天然产物结构上与陆生天然产物结构差异较大，且活性良好。
Aplydactone 是一种从黑指纹海兔(Aplysia dactylomela)中分离得到的海洋含溴倍
半萜，包含一个 6-4-4-6 四环骨架，环张力非常大，酸性条件下易发生 Wagner-
Meerwein 重排，合成上具有很大挑战。我们以[2+2]光环化和 Wolff 重排为关键
反应快速构建了 6-4-4 Ladderane 骨架，在对分子构象进行调控的前提下实现了
跨环 C–H 插入反应构建了桥式六元环，从而得到了 6-4-4-6 四环骨架，接着采用
氢原子转移氢化反应构建了溴代手性中心，实现了 Aplydactone 的无保护基全合
成。 



























Total syntheses of (+)-Fusarisetin A & (±)-Aplydactone  
and 
 Study towards Asymmetric Total Synthesis of Altercrasin A 
Liu Chenguang 
Supervised by Prof. Zhang Yandong 
Abstract 
Hybrid natural products composed of polyketide(-like) unit and amino acid unit 
are one class of secondary metabolites which usually possess intriguing structures and 
exhibit potent bioactivity, for example, Fusarisetin A and Altercrasin A. 
Fusarisetin A, isolated from fusarium sp. FN080326, is a hybrid molecule of 
polyketide-like unit and serine unit, which shows significant inhibition of cell migration 
and cell invasion in MDA-MB-231 cells. With the goal of total synthesis of (+)-
fusarisetin A, two synthetic strategies were investigated: 1) starting with (R)-citronellal 
and (S)-2-methyloxirane, a 6-6-8 tricycle was assembled via RCM and transannular 
Diels-Alder reactions. Subsequent transannular carbenoid C–H insertion delivered a 6-
6-6 tricycle rather than the desired 6-6-5-5 tetracyclic polyketide-like compound. 2) By 
using (R)-citronellal and chiral 5-membered lactone as starting materials, 
intermolecular Suzuki coupling and one pot four-reaction process (intramolecular 
Diels-Alder cycloaddition, then Mukaiyama aldol, then desilylation, then oxidation) 
afforded 6-6-5-5 tetracycle, and incorporation of serine unit followed by Dieckmann 
condensation led to an asymmetric total synthesis of fusarisetin A. 
Altercrasin A, a secondary metabolite isolated from alternaria sp. OUPS-117D-1, 
exhibited moderate cytotoxic activity against HL-60 leukemia. It contains a 6-6-5 
tricyclic ring system similar with that in fusarisetin A. The allylic oxygenated sidechain 
was built up through a sequence of dehydration, cross-metathesis and CBS asymmetric 
reduction. The threonine unit was incorporated under microwave condition. The 















Halogenated marine natural products usually possess unique structural features 
and exhibit potent bioactivity. Aplydactone is a kind of brominated sesquiterpene which 
was isolated from aplysia dactylomela. Structurally, it features a 6-4-4-6 tetracyclic 
framework consisting of a boat-like six-membered ring, two fused four-membered rings 
([2]-ladderane) as well as a twist boat-like six-membered ring. Due to the high ring-
strain, [2]-ladderane system is prone to Wagner-Meervein rearrangement under acidic 
condition, which is a big challenge for synthetic chemists. An 11-step protecting group 
free total synthesis of aplydactone has been achieved by us. The synthetic route features 
[2+2] photocycloaddition and Wolff rearrangement to construct the 6-4-4 ladderane 
framework, an unusual carbenoid C–H inserton delivering the bridged six-membered 
ring and a quaternary center between two quaternary centers simultaneously, hydrogen-
atom-transfer hydrogenation to establish the bromine-containing stereocenter.   
























Ac Acyl, 乙酰基 
n-Bu n-Butyl, 正丁基 
t-Bu t-Butyl, 叔丁基 
CBS reduction Corey-Bakshi-Shibata 还原 
CM reaction cross metathesis reaction, 烯烃交叉复分解反应 
DBU 1,8-diazabicyclo[5.4.0]-7-undecene, 1,8-二氮杂双环[5.4.0]十一
碳-7-烯 
DIBALH diisobutyl aluminium hydride, 二异丁基氢化铝 
DME 1,2-dimethoxyethane, 乙二醇二甲醚 
DMF N,N-Dimethylformamide, N,N-二甲基甲酰胺 
DMP oxidation Dess-Martin oxidation, 戴斯马丁氧化 
DIPEA N,N-Diisopropylethylamine, N,N-二异丙基乙基胺 
DMSO dimethylsuloxide, 二甲亚砜 
d.r. diastereoisomer ratio, 非对映异构体比例 
endo:exo 内型 ：外型 
EtOAc ethyl acetate, 乙酸乙酯 
HMPA hexamethylphosphoramide, 六甲基磷酰三胺 
HWE reaction Horner-Wadsworth-Emmons 反应 
LDA lithium diisopropylamide, 二异丙基氨基锂 
LHMDS lithium hexamethyldisilamide, 六甲基二硅基氨基锂 
MNPs Marine natural products, 海洋天然产物 
PE petroleum ether, 石油醚 
PNB para-nitrobenzyl, 对硝基苄基 
RCM ring closing metathesis, 烯烃复分解关环反应 
Rh2(pfb)4 tetrakis(perfluorobutyrato)dirhodium, 全氟丁酸铑二聚体 















TBAB tetrabutylammonium bromide, 四丁基溴化铵 
TBAF tetrabutylammonium fluoride, 四丁基氟化铵 
TBAI etrabutylammonium iodide, 四丁基碘化铵 
TBS t-butyldimethylsilyl, 叔丁基二甲基氯硅基 
TBSOTf t-butyldimethylsilyl trifluoromethanesulfonate, 三氟甲基磺酸
叔丁基二甲基硅酯 
TFAA trifluoroacetic anhydride, 三氟乙酸酐 
TMSOTf trimethylsilyl trifluoromethanesulfonate, 三氟甲基磺酸三甲基
硅酯 
THF tetrahydrofuran, 四氢呋喃 
p-PTS pyridinium 4-Toluenesulfonate, 吡啶对甲苯磺酸盐 
p-TSA p-toluenesulfonic acid, 对甲基苯磺酸 
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